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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


.RESEARCH MMORANDIM 


STRESSES AND DEFLECTIONS OF A SWEPT 
BIPLANE WING 

By George W. Zender and John E. Duberg 
SIM4ARY 


The resiilts of experimental and theoretical structural studies of 
a solid swept biplane wing composed of a sweptback front wing and a swept- 
forward rear wing joined at the tip are compared. The ^5° swept biplane 
with wings of 4-percent thickness is structurally comparable to the solid 
45 ° swept monoplane wing of between 2- and 4-percent thickness. 


INTRODUCTION 


One of the configurations which has recently been of some interest 
is the swept biplane wing. Among the types of swept biplane wing under 
consideration is that which consists of a sweptback front wing with the 
root attached near the upper forward part of the fuselage and with the 
tip joined to the tip of a sweptforward rear wing with root attached near 
the lower rear part of the fiiselage. Wind-txinnel tests (ref. 1) of models 
of this type at subsonic and transonic speeds have shown some favorable 
aerodynamic characteristics as compared with swept wings ^ particularly 
with regard to pitch-up tendencies . 

In order to obtain information on the structural behavior of the 
swept biplane wing, stress and deflection measvtrements of a model of this 
wing were obtained for bending and twisting loads. The purpose of this 
paper is to compare the results of these tests with a theoretical method 
for the calculation of the stresses and deflections. In addition, some 
structural comparisons of the swept biplane configuration with swept 
monoplane configurations are presented. 


SYMBOLS 


a angle of attack due to loads 

0 angle of twist (see fig. 11) 
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angle of sweep, deg 

dihedral angle (see fig. 2), deg 

slope at root triangle (see appendix) 

Lagrangian multiplier 

constraining or equilibrium fimction (see appendix) 
root chord (see appendix), in. 
semi-gap at rigid tip (see fig. 2) 
area, in.^ 

modulus of elasticity, psi 

modulus of rigidity, psi 

moment of inertia, in.^ 

torsion constant, in.^ 

semispan of wing (see fig. 2), in. 

length of beam (see fig. 9), in. 

bending moment, in- lb 

torque, in- lb 

local wing loading, Ib/in. 

force, lb 

distance along beam from origin (see fig. 9), in. 
distance from root (see fig. 2), in. 
upward deflection, in. 

deflection at gage location n caused by application of a 
unit load on center line of front (or rear) wing at sta- 
tion I, in. /lb 

normal stress, psi or ksi 

stress at gage location n caused by application of a imit 
load on center line of front (or rear) wing at station 
psi/lb 
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Subscripts : 
n 


AL 

F 

R 


V,H,W,T 


specific gage locations shown in figures 

coordinate axes 

applied load 

front 

rear 

type of stress component (see fig. 6) 


TEST SPECIMEN AND METHOD OF TESTING 


The swept-biplane-wing model shown in figiire 1 was formed from a 
single piece of steel plate to the dimensions shown in figure 2. The 
root of each wing (front and rear) of the model was clamped between the 
support blocks shown in figure 1. A concentrated lift load was applied 
at the center line of the cross section at each of five spanwise loca- 
tions on the front and rear wings . Longitudinal strains were obtained 
at the locations shown in figure 3 with Baldwin SR-4 type A-7 strain 
gages and the deflections were obtained with dial indicators of 0.0001- inch 
least division at the locations shown in figtire 4 . In addition, a pure 
torque was applied near the tip of the front wing of the swept biplane 
wing as shown in figure 5. The longitudinal strains were obtained in 
the same manner as for the lift loads at the locations shown in figure 5 
and deflections were obtained at the locations shown in figure 5* 

The longitudinal strains for both the lift and torque loads were 
converted to stress by multiplying by E = 30 X 10^ psi; the effect of 
the transverse stresses on this conversion were neglected, the gages 
being located near the edge of the plate . 


EXPERIMENTAL RESULTS 


The experimental deflections and stresses for the lift loads are 
given in tables I and II, respectively, in the form of deflection and 
stress influence coefficients, that is, the deflection and stress at the 
various gage locations due to mit loads on the center line at the indi- 
cated stations, |. In order to approximate a more realistic loading of 
the swept biplane wing, the data given in tables I and II were used to 
obtain data for an elliptically distributed loading along the 17 -inch 
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semispan. Two-thirds of the elliptically distributed loading was assumed 
to be supported by the front wing and the remaining one-third by the rear 
wing. The loading at the root of the front wing was assumed to be cos A 
and at the root of the rear wing l/2 cos A. The front-wing loading then 


is given by pp 



and the rear -wing loading by 



then 20.03 pomds. 


The total lift load on the biplane semispan is 


The deflections w^, at the various gage locations n, due to the 
elliptically distributed loading were obtained by the following formula: 


Wn = 




+ w, 


n 


R 


in which 


Wn- 


F,R 


1 

cos A 



(l)d| 


where and influence coefficients for loads on 

the front and rear wings, respectively, given in table I. The qiiantity Wj, 

lip 

represents the deflection at the particular gage location due to the load 
on the front wing while the quantity represents the deflection at the 

same gage location due to the load on the rear wing. The integrals for 
w^p and Wnp were evaluated mechanically and the results are given in 

table III. The same procedure when applied to the stresses produced the 
values of 0 ^ shown in table IV. The deflections and stresses for the 
pure torque load were reduced for imit torque load and are presented in 
tables V and VI, respectively. 

A more significant stress picture is obtained if the stresses shown 
in tables IV and VI are separated into fovir components associated with 
stress distributions of the type shown in figure 6. One stress component 
is associated with normal bending identified by the symbol Oy while another 

bending action, particularly significant in the swept biplane wing when 
compared with more conventional configurations, is the chordwise type of 
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bending designated Og in figure 6. Another stress component is asso- 
ciated with direct extension or contraction represented by the symbol 

in figure 6 while the fourth stress component is due to restraint of 

warping of the cross section (these stresses are often called bending 
stresses due to torsion) . By using the four stresses on each cross sec- 
tion normal to the leading or trailing edge given in tables IV and VI, 
it is possible to solve for the magnitude of the fo\jr stress con 5 )onents. 
The values obtained for the stress components are given by the test points 
in figvires 7 8* 


THEORETICAL ANALYSIS 


An analysis, given in the appendix, of the swept-biplane configin’a- 
tion was made by means of a strain-energy approach. The analysis was 
applied to the particular cases of the elliptically distributed lift 
loading of 20.05 pounds and the unit torque loading. The structure con- 
sidered was broken up as shown in figure 9* The tip part was assumed to 
be rigid, the triangiilar-root parts were considered in the same manner 
as given in reference 2, and the parts of the elliptically distributed 
loading acting in the triangular -root parts were neglected. The inter- 
mediate front and rear beams were assumed to behave according to elemen- 
tary beam theory. The unknowns in the analysis are the forces and moments 
on the cut sections shown in figure 9* The values of these quantities 
are given in table VII for the 20.03-pomd elliptically distributed 
loading and in table VIII for the unit torque load. With these forces 
and moments known, the stresses and deflections can be computed. 


COMPARISON OF THEORY AND EXPERIMENT 
Stresses 


Bending .- The experimental and theoretical stress components for 
the elliptically distributed lift load of 20.03 pounds are con^ared in 
figure 7. The theoretical stresses shown by the solid curves in figvire 7 
are obtained from the elementary formulas My/l or P/A evaluated for the 

entire loading, that is, the three components of the applied elliptically 
distributed loading and the forces and moments at the cut sections . The 
wsirping stresses Oy are not given by the theory but an approximation may 

be made by introducing the twisting moments at the cut sections into the 
equation at the bottom of page 15 of reference 5* The stresses 

obtained by this approximation are given by the solid line on the plots 
for Oy in figure J. The bending stresses Oy and Og for both the front 
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and rear wings comprise the main portion of the total stresses. The 
Oq, stresses are negligible as compared with the other three components. 

The effect of having the front and rear wings joined at the tip is indi- 
cated by a comparison of the biplane stresses with the unjoined tip or 
cantilever stresses given by the dashed lines in figvire 7. Joining the 
tips causes an appreciable reduction in the Oy stresses of both the front 

and rear wings with a small increase in the a„ stresses . 

11 

Torsion .- The experimental and theoretical stress components for the 
unit torque load are compared in figure 8. The theoretical stresses are 
obtained from the elementary formulas My/l or P/A for the forces and 

moments at the cut sections. The warping stresses cTy were approximated 

in the same manner as for the bending loads . 


DEFLECTIONS, ANGLES OF ATTACK, AND TWISTS 


Bending .- The solid curves in figure 10 show the theoretical center- 
line deflections for the elliptically distributed lift load of 20.05 pounds. 
These deflections were obtained by superposing the deflections of the 
beam parts of the wings on the deflections due to the flexibility of the 
root triangle . Elementary beam theory was used for the beam parts and 
the root triangle was treated by the method of reference 2. In these 
calculations only the component of the applied loading normal to the wing 
surface and the Pg forces and My moments at the cut sections were included. 
The effect on the vertical deflections of the other components of the 
loading and the transverse and longitudinal shears and moments at the cut 
sections was negligible. The theoretical center-line deflections in fig- 
ure 10 are seen to underestimate the experimental deflections . The dif- 
ference appears to be largely due to the approximation of the contribution 
of the triangular -root parts to the deflections of the outer parts. The 
approximation for the effects of the triangular -root distortions on the 
deflections of the outer part of the wing were of sufficient accuracy 
for the cantilever types of wing configurations of reference 2 since they 
represented a small part of the total deflections of the outer part . 

The deflections, however, of the beam parts of the biplane wing due to 
the applied loads are largely canceled by the deflections due to the 
P 2 forces and moments at the cut sections with the result that the 
deflections due to the triangular-root parts represent a large part of 
the total deflections (in this case approx. 60 percent of .the total tip 
deflection) . 

The theoretical angles of attack shown by the solid curves in fig- 
ure 10 were evaluated from the elementary beam equations in the same 
manner as the deflections and are compared with the experimental angles 
of attack. 
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The effect of having the front and rear wings joined at the tip is 
again indicated by a comparison of the biplane deflections and angles 
of attack with the cantilever values given by the dashed lines in fig- 
lire 10. The cantilever deflections and angles of attack are the distor- 
tions that would occijr if the front and rear wings were not joined at 
the tip. However, when the tips are joined, the cantilever distorsions 
are opposed by the distortions due to the tip loads; the result is smaller 
total distortions for the biplane configuration. 

Torsion .- The structural twists 0 are obtained from the elementary 
equation Tx/GJ for the applied torque T and the Mx values at the cut 
sections . In addition, the twist of the front and rear beams contributed 
by the triangular-root parts is included by the method of reference 2 . 

The experimental and theoretical twists 0 are compared in figure 11. 

The deflections of the center line due to the torque load are very small 
and therefore are not presented. 

Again, the effect of joining the front and rear wings at the tip is 
indicated by the cantilever (dashed curves) and biplane (solid curves) 
values of the structural twist 0. The effect of the Mx load is to reduce 
appreciably the twists of the front wing and in addition to produce a 
slight twist of the rear wing. 


COMPARISON OF SWEPT BIPLANE WING WITH SWEPT 
MONOPLANE WING 


In order to relate the swept biplane wing structiirally with the swept 
monoplane configuration, the information obtained for the particular 
biplane configiaration discussed herein was con 5 )ared with swept monoplane 
configurations of the proportions shown in figure 12. The proportions 
of the swept biplane wing are also shown in figure 12 for comparison pur- 
poses. The models have equal spans and lifting areas and consequently 
equal aspect ratios . The U-per cent -thick swept biplane wing is derived 
from the 2-percent-thick swept monoplane wing by placing the rear half 
of the monoplane wing into the position shown for the rear wing of the 
biplane, while the 4-percent-thick swept monoplane configuration is com- 
parable in frontal area to the swept biplane conf igviration . In addition, 
the 6-percent -thick swept monoplane configuration is included since ref- 
erence 1 includes aerodynamic comparisons for a 6-percent-thick swept 
monoplane with a 4-percent-thick swept biplane configuration. 

The deflections and angles of attack for the swept monoplane con- 
figurations for an elliptically distributed lift loading of 20.03 pounds 
computed by the method of reference 2 are shown by the dashed lines in 
figure 13 . The agreement of experiment and theory presented in reference 2 
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permits confidence in the accuracy of the computed values for the swept 
monoplane models . The deflections and angles of attack of the biplane 
configuration (experimental) are shown by the test points in figure 15 . 
The deflections of the percent-thick swept biplane fit between the 
deflection curves for the 2-percent-thick and U-percent-thick swept mono- 
plane models . The angles of attack of the front and rear biplane wings 
are of opposite sign over most of the span and reach their largest abso- 
lute values at about one-fo\irth the semispan. The absolute values of the 
angle of attack of the swept biplane over most of the span are bracketed 
by the angles of attack of the 2-percent- and 4-percent-thick models. 
Based on solid sections then, the deflections and angles of attack due 
to wing loads of the swept biplane configuration are comparable to the 
swept monoplane wing of between 2-percent and 4-percent thickness . 

A structural compeirlson of the swept biplane and monoplane config- 
urations on the basis of stresses is more involved than the comparison 
made on the basis of deflections and angles of attack. In addition, the 
secondary stress effects are much more important in the case of box-type 
structures than for solid structvires so that stress comparisons based 
on solid sections might not be especially significeint . However, some 
information is available in a comparison of the primary stresses of the 
swept biplane and monoplane wings of figxtre 12. The bending stress com- 
ponent 0y for the 4-percent-thick swept biplane is shown by the test 
points in figure l4 for the elliptically distributed lift load of 
20 .05 pounds . The My/l stresses for the same lift load on the swept 

monoplane wings of figvtre 12 are shown by the dashed lines of figure l4. 
It is apparent that, near the root, the ay values for the 4-percent-thick 

swept biplane wing are between the stresses for the 2-percent- and 
4-percent-thick swept monoplane wings. 


CONCLUDING REMARKS 


A method has been described for the stress and distortion analysis 
of a swept biplane wing and the results of the method are compared with 
experiment. Satisfactory agreement of experiment and theory is obtained 
except for the deflections where the differences of the theory and exper- 
iment are primarily due to the inaccioracy of the assumptions made regarding 
the triangular-root parts of the front and rear wings . While these assump- 
tions have a minor, effect on the stresses of the biplane wing, their effect 
on the deflections is appreciable. 

An investigation of the solid 45° swept biplane of 4-percent thick- 
ness indicates that the configuration is structurally comparable to a 
solid 45 ° swept monoplane of between 2- and 4-percent thickness . 
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Preliminary wind-txmnel data have indicated that the drag of the 
4-percent-thick swept biplane wing— body configuration is approximately 
the same as the 6-percent-thick swept monoplane wing— body configuration 
at transonic speeds; since the 6-percent -thick swept monoplane config- 
\iration evidently has a stiffen wing, there is doubt as to the useful- 
ness of the swept-biplane-wing configuration. However, it should be 
noted that the objectionable pitch-up tendencies of the swept -monoplane - 
wing configuration are not experienced by the swept-biplane-wing config- 
viration; the advantage of this elimination of the pitch -up tendency may 
well outweigh the stress and distortion advantages of the swept monoplane. 
In addition, other considerations might favor the swept-biplane-wing con- 
figuration such as weight saving of tail sxirfaces and favorable wing- 
body designs resulting from applications of the transonic area rule. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., April 22, 1954. 
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APPEMDIX 


An analysis of the swept biplane wing based on the minirmnn comple- 
mentary energy principle may be developed by considering the five conipo- 
nent parts of the biplane shown in figure 9» The five parts are the 
front and rear beams, the front and rear root triangles, and the tip part 
which is assumed rigid. The unknowns in the analysis are the forces and 
moments shown on the cut sections at thd rigid tip in figure 9. Since 
the cut sections are inclined slightly due to the geometry of the wing 
configuration, the forces and moments on the cut sections are inclined 
to the vertical and horizontal as indicated in figure 9. In addition, 
since the applied loads on the structure are in the vertical plane, the 
components of the loads in the planes of the inclined axes are used in 
the analysis. 

The front and rear beam parts of the biplane wing are assvnned to be 
loaded as shown in figure 9 and the strain energy due to these loads is 
given by 



(Negative sign is required in the third integral for the front beam since 
the coii5)onent of applied load is in the opposite direction to the axial 
force PxJ conversely, a positive sign is required for the rear beam.) 



X 


The loads assumed on the 
root triangle (the effect 
of loads not shown is 
assumed negligible) are 
as shown on the sketch to 
the left. The strain 
energy of the root tri- 
angle due to these loads 
is then given by 
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S.E. = 

^"■Mx=0) 


”“y(x.o) *V + 


f“x(x.O) * 

1 1 
|f + 1 

[^“-(x=0) * ^ [^-“^(x-o) * *V + Px^ 


From equations (A16), (A17)^ (A20), and (A21) of reference 2, 

c^sln^A cos^Arr 

ise^; 1_^mx=o) ^ 


'"M = 


c^sln^A cos^A 
6En^ tan A 

c^sin^A cos^A 


^%’(x=0) ^ 


„ c^sin-^A cos^AIT; . ^71 


0ip = 


= 


h = 


c sin^A cos^Ar; . .,”1 

— ^ — c^(x.o) * •y 


c sln^A cos^ A 
2EIy tan A 

c sin^A cos^A! 


|^“y(x=o) * ^ ^ 


n'^A cos^AF7, 

2^ |_-^(x=0) ^ 


(2) 


(5) 
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Siibstitution of equations (3) into equation (2) gives for the root triangle 


S*E. — FaL / \ t Pi 

^z(x=0) 


I 2 c5sin5A cos^A fT. 


^ 3^^^ l_^^(x=o) ^ 




2 c sin^A cos 3 a . n; 


4EIy tan A 


^ ”AL(x=o) + ^ + 


P^lH cjsiP^A cos3a C ^ 

J 6Eiy tan A [_AI«(x=o) ^ 


^ c sin?A cos^A 


4E2y 


c^sln^A cos^A 


M, 


^^(x=0) 


+ + P^L 


M, 


W(^,0) * 


c sin^A cos^A /. -> 
2EIy 


The total strain energy of the swept biplane wing may be obtained fro 
the sum of the strain energies of the front and rear wings (eq. (l)) and 1 
front and rear root triangles (eq. (4)). The total strain energy is 

r / r\^ dxy rh? / 


S.E. = 


'0 




2EI 




2 dxp 


5^^ Jo 


[MaIjj, + Mzf + Pyj. 


TF ^0 


.(Lf - Xf) 




2 dxp 


2EIz, 


'.Lr 


Iq 


(““^P ^ *^p)^ ^ ^ /o"“ [^*%R - %R " - 


T12 <Lcr / VO dXR pEp 

'"“3 2EIyR ■" ( * '“='«) 2K^ ■" Jo 


“ ^r) 


M 


^AL; 


'R 


2 dxR r^R , V 2 ^R 

2EIzp ■*' Jq ( ALxr ■*■ ^xr) 2GJr 


(equation continued on next page) 
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Pat . + ^7 

^ 2 (x=o)p 


% * 


k 

1 2 Cji-^sin-^Ap cos Ap 

32 EI^ 




(““^(x =0 




cp sin^Ap cos^Ap 
kEIy^ tan Ap 


[^^z(x=o)p 


M. 


—If— ~| Cp^sin^A-ff cos^Aci r~ 

py(x= 0 )p ^ ^ ' 6 EIy/tan";;p" ^ [^^(x= 0 )f 


" E“^(x=o)f ^ ^-3 b^(-oh * 


2 Cp sin^Ap cos^Ap 


4 ei 


•yp 




^G-tri 5 A_ r*nc» 5 A_ I 


Cp sin*^Ap cos-^Ap 


%(x= 0 )p ^F 2 p ^ 


I Cp sin^Ap cos^Ap — _, 2 cp^sin^Ap cos^Ap 

Mxp 'Fat . + P.T_I + 


yp 


^ [^^^(x= 0 )p ^ 


52EI 


■yR 


f~ “1 ^ *^R cos^Ap |— 

[^^(x-O)e *^5 4EIyj^ tan Ar * k“^(x=0)R * 

— 11 — ~| Cp^sin^Ap cos^Ap |— 

tan Af, * |^"*(j^0)r * 


— 1 2 Cp sin^Ap cos^Ap 
.. 1 CR^sIiiJar cosJar 


^^(x= 0 )r "■ 


““-(x.O)r " 


“"y(x.O)R " " V« r^(x= 0 )R " 


u 


3 


Cp sin^Ap cos^Ap 


^R 2EI 


•yR 
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where the terms within the dashed brackets are those due to the front and 
rear root triangles. 

There are six equations of equilibrium among the unknown forces and 
moments on the rigid tip shown in figure 9* These equilibrium conditions 
are for the transverse forces. 




COS 




cos 7p sin ApPy^Lp sin TpPzpLp 


Lp^l + cos^Ap tan^Tp Lp^l + cos^Ap tan^^p 


Lp^l + cos^Ar tan^TR Lr^I + cos^Ap tan^/j^ 


cos ApPxpLp ^ cos 7 r sin ApPy^LR sin 7 rPzrIr ^ 




for the vertical forces, 

cos Ap tan TF^Xp^F ^F^^yp^p cos 7pPzpLF 


^2- 


Lp^l + cos^Ap tan^Tp Lp^l + cos^Ap tan^Tp 


Lp 


cos Ar tan 7 rPxj^^r sin 7 r sin ARPy Lr cos 7 rPzr% 


LrU + cos^Ar tan^TR Lr^I + cos^Ar tan^7R 


= 0 (7) 


for the longitudinal forces. 




sin ApPxpI^ 


cos A 


'pPypIr* 


Lp|l + cos^Ap tan^ 7 p Lp cos Tp^l + cos^Ap tan^yp 


sin ArPjj Lr 

S + 


cos ApPy^Lp 


= 0 


Lr^I + cos^Ar tan^ 7 R Lp cos 7 r^ 1 + cos^Ap tan^ 7 ^ 


R 


(8) 
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for the rolling moments, 


= 


sin ApMxp 


cos 


}jl + cos^Ap tan^ 7 p cos yp^l + cos^Ap tan^yp 


sin Aj^xr 


COS 


Ai%p 


^1 + cos^Ap tan^^p cos + cos^Ap tan^y^^ 


hp cos ApPxpLR hp cos yp sin ApPypLp hp sin TpPzp^F 

I 1 Lp 

Lp^l + cos^Ar tan^yR 1 + cos^Ap tan ^9 


-7p 


LrI 


hR cos ArPx^Lr hR cos 7 r sin ARPy^LR hR sin 7 rPzj^Lr 

p p / o ^ o 

,yi + cos'^Ar tan“^7p ^Rfl + ' 


cos'^Ad tan' 


.p tan-7p 


0 

(9) 


for the yawing moments, 


cos Ap tan TjMxp sin 7 p sin 
05 = ; ■ - ^■... + cos TpMzp - 


]jl + cos^Ap tan^ 7 p f7 


cos'^Ap tan^7p 


cos Ar tan 7 j^^ sin sin Aj^^ 
|/l + cos^Ap tan 27 j^ |^1 + cos2ar tan 27 p 


+ cos 7 rMzr = 0 (lO) 
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and for the pitching moments, 


cos ApMxp 


cos 7jr sin 


\ 1 + cos^Aj, tan^7p ||l + cos^Ap, tan27j, 


- sin 7 j.Mz^ + 


cos 




cos 7 r sin ArI^p 

+ + sin 7 rMzj^ + 


^ 1 + cos^Ar tan^7j^ + cos^Aj^ tan^7j^ 


hy sin ApExpEp 


hp cos ApPy Lp 


Lp ^ 1 + cos^Ap tan^7p cos 7p ^1 + cos^Ap tan^7p 


\ sin 


hp cos ApPy^Lp 


= 0 


Lp + cos^Ap tan^7p Lp cos 7p \Jl + cos^Ap tan^7p 


( 11 ) 


It is desired to minimize the total strain energy, equation (5), 
with the condition that equations (6) to (ll) he satisfied. In order to 
do this, it is siofficient to set 


1=6 

6|S.E. + ^ = 0 

i=l 


(12) 


where the A's are Lagrangian multipliers (ref. 4). Substituting equa- 
tions (5) to (11) into equation (l2) and setting the variation equal to 
zero res\alts in I8 linear simultaneous equations. The I8 equations 
obtained for the swept biplane model of figure 2 subjected to the ellip- 
tically distributed lift load of 20.03 pounds are given in matrix form 
in table IK. The first 12 equations in table IX have been multiplied by 
the constant E for convenience of computation. The equations may be 
solved by a numerical process; the particular method used in this instance 
is that given by reference 5* 

The eighteen equations obtained for the swept biplane model subjected 
to the -unit torque loading as shown in figure 5 are identical to the 
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eqmtions shown in table IX except for the loading constants on the 
right-hand side of the equations; these constants are all zero with the 
exception of the fo\jrth term which is 



CpET sin^Ap cos^Ap 



-2220 - 97 = -2517 


The resulting values of the forces and moments at the cut sections 
are given in table VII for the elliptically distributed load of 
20.03 pounds and in table VIII for the unit torque load. With these 
forces and moments known, the stresses and the deflections of the front 
and rear beams can be readily calcvilated by elementary theory. 
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TABLE III.- EXPERIMENTAL DEFLECTIONS FOR 20. 05-POUND LIFT 
LOAD ELLIPTICALLY DISTRIBUTED 


n 


in. 


1 

0.72 X 10-^ 

0.06 X 10"^ 

0.78 X 10"^ 

2 

9.10 

1.22 

10.52 

3 

14.84 

1.56 

16.20 

4 

45.70 

6.84 

52.54 

5 

45.30 

4.90 

48.20 

6 

65.20 

14.45 

79.65 

7 

65.20 

11.10 

76.30 

8 

77.40 

21.60 

99.00 

9 

69.65 

16.45 

86.10 

10 

69.00 

25.50 

94.50 

11 

58.70 

19.35 

78.05 

12 

52.90 

30.65 

85.55 

13 

45.80 

55.80 

81.60 

14 

45.15 

57.40 

82.55 

15 

59.35 

36.10 

75.45 

l6 

30.70 

32.60 

65.50 

17 

25.50 

35.20 

58.50 

18 

15.48 

22.55 

58.03 

19 

12.58 

23.85 

56.25 

20 

5.49 

6.00 

9.49 

21 

3.05 

7.87 

10.90 

22 

0 

.33 

.35 


CONFIDENTIAL 






22 


CONPIDEOTIAL 


NACA RM L54E03a 


TABLE IV.- EXPERIMENTAL STRESSES TOR 20. 05-POUND LIFT LOAD 
ELLIPTICALLI DISTRIBUTED 
[Tensile stresses positiv0 


n 

PSi 

PSi 

cfn^ psi 

n 


psi 

an, psi 

1 

-262 

18 

-244 

25 

55 

115 

166 

2 

-1050 

-207 

-1257 

24 

-119 

-12 

-151 

5 

197 

25 

220 

25 

-202 

67 

-135 

4 

-112 

-126 

-238 

26 

-458 

-54 

-492 

5 

415 

57 

472 

27 

-511 

9 

-302 

6 

248 

-55 

195 

28 

-485 

-89 

-574 

7 

451 

84 

555 

29 

-201 

-40 

-241 

8 

556 

-5 

551 

30 

-263 

-115 

-578 

9 

244 

100 

344 

51 

507 

579 

686 

10 

252 

44 

276 

52 

77 

165 

240 

11 

-112 

-220 

-552 

35 

164 

6 

170 

12 

-246 

-286 

-552 

34 

20 

-112 

-92 

13 

6 

no 

116 

55 

79 

-in 

-52 

14 

-155 

-13 

-168 

56 

-62 

-196 

258 

15 

75 

202 

275 

37 

-18 

-157 

-175 

l6 

-59 

l 4 l 

82 

58 

-132 

-200 

-332 

17 

146 

227 

575 

59 

-109 

-117 

-226 

18 

42 

195 

257 

40 

-196 

-125 

-519 

19 

223 

l 4 l 

564 

4 l 

254 

45 

299 

20 

144 

132 

276 

42 

-152 

81 

-71 

21 

624 

l 4 o 

764 

45 

420 

102 

522 

22 

796 

55 

851 

44 

200 

-155 

45 
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TABLE V.- EXPERIMENTAL DEFLECTIONS 


FOR UNIT TORQUE LOAD 


n 


1 

- 3.4 X 10"6 

2 

-26.7 

5 

0 

k 

- 46.1 

5 

-33.3 

6 

-8.0 

7 

-17.8 

8 

-16.0 
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TABLE VI.- EXPERIMENTAL OTRESSES 
FOR UNIT TORQUE LOAD 


[’ 


Tensile stresses positive 


.1 


J 


n 

On, psi 

n 

an, psi 

1 

3.969 

23 

2.106 

2 

1.812 

24 

-1.350 

3 

2.058 

25 

2.922 

4 

-1.389 

26 

.686 

5 

-4.875 

27 

2.904 

6 

-2.676 

28 

5.048 

7 

-2.205 

29 

.918 

8 

-2.709 

30 

5.784 

9 

-.867 

51 

0 

10 

-5.117 

52 

-2.550 

11 

3.534 

55 

1.749 

12 

0 

34 

1.497 

15 

1.970 

55 

2.886 

l4 

-1.272 

56 

0 

15 

.645 

37 

5.716 

16 

-2.658 

58 

1.626 

17 

' -.955 

59 

6.495 

18 

-4.595 

40 

4.085 

19 

-5.189 

4l 

2.451 

20 

-6.582 

42 

5.940 

21 

1.098 

45 

0 

22 

-6.900 

44 

1.626 
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TABLE VII.- FORCES AND MCMENTS AT CUT SECTIONS FOR 
20. 03-POUND LIFT LOAD ELLIPTICALLY DISTRIBUTED 


Front wing: 

• 

• 

U^, lb-in 
Hyp, lb-in 

Rear wing: 

PXR. 1» • 

• 

P.R- “ • 

lb-in 
Hy^, lb-in 
Mzp, lb- in 


-7.230 

10.028 

-3.204 

-6.362 

-0.704 

- 19.934 

10.397 

7.370 

- 0.837 

3.549 

-10.636 

19.786 
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TABLE VIII.- FORCES AND MOMEKTS AT CUT SECTIONS 
FOR UNIT TORQUE LOAD 


Front 

wing; 


lb . , 


lb . , 


lb . . 


lb- in, 

%p^ 

lb -in. 


lb-in. 

Rear ving: 


lb . 

''yR' 

lb . 


lb . 

%' 

lb- in 

«yR> 

lb- in 

”3R> 

lb -in. 


0.019 

0.162 

-0.013 


-0.768 

0.225 

-1.172 


0.161 

- 0.021 

- 0.020 

-0.081 

0.285 

1.510 
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FigiJre 1.- Test setup of swept biplane wing. 
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Figure 7-- Comparison of theoretical and experimental stress components 
for 20 . 05 -pound lift load elliptically distributed. 
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Flgiore 8.- Comparison of theoretical and experimental stress con 5 )onents 

for unit torque load. 
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Figure 9 *- Five component parts of biplane used in analysis 
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Figure 15.- Deflections and angles of attack of swept biplane wing and swept 
monoplane wings for 20.05-pound lift load elliptically distributed. 
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Figure l4.- Stresses of swept biplane wing and swept monoplane wings for 
20 . 05 -pound lift load elliptically distributed. 
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